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Abstract 
The automatic identification of PDF417 bar code is very sensitive to skew angle. However, the common skew angle 
detection methods have shortcomings such as computationally expensive or high complexity. In this paper, 
morphology is used to extract PDF417 from complex background, with PDF417’s character that the start symbol, the 
stop symbol and the edge of the module presents straight lines. Firstly, utilize opening operation to detect the straight 
lines. Then, Combined with genetic algorithm, these straight lines are extracted, and the angle is obtained. Here, 
classical genetic algorithm is improved combined with simulated annealing algorithm to make algorithm converge 
faster and not so easily to fall into local optimal solution. The trial picture’s angle is 110.13°, the time spending on 
Process keeps to about only 0.40s for different images, and the precision is basically around 0.1°. Experimental 
results show that the algorithm has the advantage of less computation and high precision.
© 2011 Published by Elsevier Ltd.  
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1. Introduction 
In 1991, Symbol Company invented PDF417, composition of whose symbol character consists of 4 
bars and 4 blanks and the total width is 17, so we call it 417 or PDF417. Figure 1 shows the composition 
of PDF417, it mostly consists of left blank area (a), start pattern (b), left row indicator (c), codeword (d), 
right row indicator (e) and stop pattern (f) [1].
We have to rotate the bar code image to the horizontal in order to get accurate information on account  
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Fig.1 the composition of the PDF417 bar code 
of the skew and offset that occurred during printing and scanning. Currently, the main methods are: 
Hough transform, projection method, Fourier transform and connected component analysis. Hough 
transform algorithm, including the basic and the improved, is most common, which flawed in giant 
calculating cost [2]. Projection method calculates the cost function of the image Projection histogram in 
different angles. But high computational complexity does humiliate its performance [3]. Fourier transform 
method will transform the form of the image into frequency domain which still has high calculation and 
complexity [4]. Connected components analysis detects the angle by analyzing the trait of the connected 
components, which is susceptible to noise [5].
This paper present a new algorithm for skew-angle detection. We use morphological approaches and 
improved genetic algorithm (SA-GA) to detect and extract lines in PDF417, then draw the image skew 
angle. Tests show that the algorithm has advantages in calculating cost and accuracy. 
2. PDF417 Angle Detection Algorithm 
2.1 Basis of morphology and Morphological segmentation[6]
Mathematical Morphology involves two basic sets: the images to be processed and the structural 
element (SE) and four basic operations, namely, erosion, dilation, opening and closing. 
Erosion operation and whose dual operation dilation of image f by SE B are defined as follows: 
B
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∈
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Opening and closing are both the combination of erosion and dilation which are defined as: 
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,    B BB
( f ) [ ( f )]φ ε δ= (  (2) 
PDF417 bar code consists of a series of combination of bars and banks, compared to other spurious 
background area, which will form obvious edge information [7]. In image segmentation, PDF417 bar code 
is the target partition, while all other characters are seen as noise.  
Then we can make a filter to process the image learning from morphological opening, which does 
well in filtering out noise smaller than SE, and retains the original image as complete as possible. Because 
of do not knowing the image’s skew angle priori, we choose isotropic SE such as disc. Another problem 
is that direct use of opening operation will lose a lot of edge information. Here we define broad opening 
operation, that is erosion and dilation don’t use the same structural elements which differs in shape or size. 
The PDF417 angle detection algorithm contains segmenting the collected raw image, calculating the 
Angle with morphology, and detecting the line features in the image based on SA-GA with SE: 
(1) Erode the origin image containing PDF417 to filter out most noise. To retain most information of  
PDF417, we can’t choose a big SE, leading to incomplete noise filtering. Moreover, the edge is destroyed. 
Then we utilize a bigger SE to employ dilation operation to recover the image and it’s enough that the 
recovered image can mark the area that contains PDF417 (as fig.3 shows). 
(2) After the broad opening operation, the image still contains a little noise (as fig.4 shows), then we 
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utilize a much bigger SE to employ classical opening operation on the current image for filtering. 
(3) Find out the convex vertexes of the marked area generated by step (2), such as from A to H (as 
fig.4 shows). We can draw 4 lines through AE, DH, BC and GF from which the closure area contains 
exactly the PDF417 code information (as fig.5 shows).Meanwhile, we calculate the 4 lines’ length such as 
l1,l2,l3,l4, to build the SE below with which. 
(4) Transform the image into binary image with Otsu method. As PDF417 bar code has been 
basically split, the cost price will drop significantly with the accuracy substantially increased.
                              
Fig.2 Original image                 Fig.3 Image after opening                   Fig.4 Marked image             Fig.5 Image after segmentation 
2.3 Angle calculating by morphology 
Since the detection property of SE and PDF417’s own characteristics, using linear SE with 
appropriate size and angle to employ opening operation on the processed image, we can smoothly extract 
straight lines in the image, and find the image’s skew angle finally. Assume that we have known the SE’s 
ideal length lideal, namely the length of the start pattern, and next we think of the SE’s angle. 
When the angles differ between SE and image, we can only get two connected regions after the 
opening operation, while when they are coincident, more than 10 connected regions will be obtained. 
Thus, straight lines with infinite number of angles can be used to process the pre-image employing 
opening, and to find the angle making the number of the output connected regions most. Regard opening 
operation process as a generalized function ( )g θ , then we just need to find the maximum of g( )θ :
( )( )=N Bg fθθ γ（ （ ））, N is the number of connected regions. 
Actually we can’t know the length of SE priori. As opening is a non-expanded operation, so we 
have B( j ) B( j )( f ) ( f )γ γ> , when i<j . And if n →∞ , there will be B( n )( f ) 0γ → . Using l to 
represent length of erosion operation’s SE, if ideall l> , the result is empty, g( ) 0θ = . Then ideall means
the maximum of l on the premise that the result is not empty, namely  
g( ) 0l max l | θ ≠=ideal   (3) 
Then, strike the best length and skew angle is actually to maximize the following function: 
B( ,l )max F( ,l ) l N( ( f ))θθ γ= ×   (4) 
Here we give a limit: 1 2 3 4l>min(l ,l ,l ,l )/2 .
2.4 Genetic Algorithm (GA) 
The objective function we get don’t have an expression, the traditional optimization methods don’t 
work. In recent years, a randomized search method GA is widely used in the division of two-dimensional 
bar code recognition [8]. Here, we improve classical GA combined with simulated annealing algorithm 
(SA-GA) to make algorithm converge faster and not so easily to fall into local optimal solution. 
The steps of SA-GA is shown as follows:
(1)fitness function: We see the maximize function above as the fitness function, that is 
B( , )= N( ( )) lF l fθγ×   (5) 
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(2)choose operation: Calculate choose chance of each chromosome, and use the roulette method to 
elect species to form a new population. Here to select n parent generations, and the same chromosome can 
be repeated. Then the father generations are divided into n/2 groups to crossover.  
(3)crossover operation: GA utilizes crossover and variation operation to produce new generation. 
The traditional GA general with smaller probability in cross, to preserve the good genes of father 
generation, while the improved algorithm (SA-GA) requires the selected parent with a 100% probability 
of crossover, to improve detecting ability, making it easier to find the global optimal solution. 
(4)mutation operation: For the variation, traditional GA assumes that the mutation probabilities are 
equal during the whole algorithm. This paper puts forward the idea that mutation probability of the 
population decreases with evolution algebra’s increase, and the reduce speed analogies annealing rule [10].
)5.1T(5e)T(p −=   (6) 
T means the current temperature, T and evolution algebra can change into each other, but it’s more 
convenient to use the temperature. 
(5)annealing selection based on " Boltzmann criteria "[9]: Compare the mutated individuals and 
father generation, choose the next generation according to simulated annealing thought: regarding the 
offspring as the next evolution’s candidate if the adaptability of the offspring is greater than father 
generation, and otherwise, we accept offspring as the next evolution’s candidate with certain probability 
based on the "Boltzmann criteria ". 
Repeat the above operations and we can obtain combination of high-fitness chromosomes, each 
group represents length and angle of the SE. 
Fig.6 result by extracting lines
Table 1. Comparison of several algorithms’ performance  
Parameter Hough Fast Hough GA SA-GA
Max. error(°) 1.2 0.5 0.14 0.14 
Min. error(°) 0.2 0.1 0.00 0.00 
Mean error(°) 0.8 0.3 0.07 0.07 
3. Proposed Bayesian classifier using a possibility interpretation of likelihood 
Angle’s accuracy can be artificial, 0.01°is suitable. We express skew angle with 15-bit binary code 
because it ranges from 0°to 180 °. Analysis of code bits of the SE’s length which is deeply related to l1、
l2、l3、l4 is similar. The lines we extracted were shown in fig.7, whose skew angle is 100.13 °.
Several method are compared in terms of their processing time and accuracy to the same images. Table 
1 shows the results of these three algorithms; Table 2 lists the performance comparison results. 
As shown in Table 1, the accuracy error of Hough and Fast Hough transform algorithm maintain 
around 0.8° and 0.3°. The precision of algorithm we proposed is basically around 0.1°. 
From the data of Table 2, we might conclude that, the time required for Hough transform and fast 
Hough transform is closely related to the amount of foreground pixels. Generally, the higher resolution a 
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image has, the more pixels in its foreground and the more time to process. Image resolution and 
foreground pixels’ number have little impact on the algorithm we proposed in this paper. The time we 
spend in algorithm Processing is very little and it keeps to about only 0.45s for different images with GA 
and 0.4s with SA-GA. That time can be negligible when comparing with Hough transform and fast 
Hough transform, especially when the amount of foreground pixels is giant. 
Table 2. Comparison of several algorithms 
4. Conclusion 
The authors propose an algorithm for PDF417 skew-angle detection by applying GA to extract straight 
line by utilizing the feature of the PDF417 code that the start symbol, the stop symbol and the edge of the 
module present straight lines. Serial comparisons between our algorithm, Hough transform and fast 
Hough transform by applying images with different skew-angle and resolution shows that our algorithm 
have better performance on time complexity and accuracy. 
References 
[1] State Standard of the People's Republic of China GB/T17172—1997, China Standard Press, 1998.8. 
[2] Nakanishi, M.; Ogura, T.; A real-time CAM-based Hough transform algorithm and its performance evaluation pattern 
Recognition[c], 1996.Proceedings of the 13th International Conference on volume:2 digital object ,p:516-512 vol2 . 
[3] Smith R. A Simple and Efficient Skew Detection lgorithm Via text row accumulation //Proceedings of 3rd International 
Conference on Document Analysis and Recognition. Montreal; IEEE, 1995:1145-1148. 
[4] Ohbuchi, E. Hanaizumi. H. ,Hock, L.A. , BarcodeReaders using the Camera Device in Mobile Phones[C], Proceedings of the 
2004 International Conference on Cyber worlds  (CW’04), 2004, pp. 260-265. 
[5] Hinds S C, A Document Skew Detection Method Using Run-length Encoding and the Hough Transform Proceedings of 
Tenths International Conference on Pattern Recognition. Atlantic City, New York: IEEE Computer Society, 1990:464-468. 
[6] Susanta Mukhopadhyay, Bhabatosh Chanda. Multiscale Morphological Segmentation of Gray-Scale Images. IEEE 
TRANSACTIONS ON IMAGE PROCESSING: 2003,12(5):533-549. 
[7] Shih, F.Y.; Pu, C.C.; Analysis of the properties of soft morphologicalfiltering using  threshold decomposition, Signal 
Processing, IEEE Transactions on Digital Object Identifier: 1995 , pp: 539 – 544. 
[8] Satoshi Ono, Kensuke Morinaga, Shigeru Nakayama. Two-Dimensional Barcode Decoration Based on Real-Coded Genetic 
Algorithm[C]. Evolutionary Computation. 2008: 1068 – 1073. 
[9] Sanghamitra Bandyopadhyay, Sriparna Saha. Simulated Annealing-Based Multiobjective Optimization Algorithm: AMOSA. 
IEEE TRANSACTIONS ON EVOLUTIONARY COMPUTATION, VOL. 12, NO. 3, JUNE 2008:269-283. 
Hough  Fast Hough GA  SA-GAActual angle  Resolution Foreground Pixels
Angle Time(s) Angle Time Angle Time Angle Time
0 640X480 20016 0.55 6.859 0.31 0.75 0.02 0.425 0.02 0.377 
5.54 640X480 27070 6.12 9.14 5.12 0.97 5.41 0.457 5.41 0.395 
5.62 640X480 24006 6.22 8.125 5.22 0.77 5.50 0.445 5.50 0.387 
5.79 640X480 27185 6.19 9.14 6.29 0.97 5.67 0.460 5.67 0.390 
11.63 960X720 193028 12.53 65.16 11.93 4.23 11.45 0.500 11.45 0.440 
21.94 640X480 34035 23.14 14.7 22.14 3.2 21.88 0.471 21.88 0.407 
40.5 640X480 115069 41.62 38.55 39.7 3.05 40.50 0.480 40.50 0.430 
44.75 960X720 211062 44.55 70.95 44.65 6.53 44.69 0.512 44.69 0.452 
67.93 640X480 32034 67.13 10.78 68.43 2.36 68.90 0.432 68.90 0.390 
0 640X480 20126 0.55 6.859 0.31 0.75 0.02 0.425 0.02 0.380 
